Introduction {#s0005}
============

As one of the most common malignancies worldwide, breast cancer (BC) is deemed to be a life-threatening disease and the leading cause of cancer-associated deaths in females (11.6%) [@bb0005]. Despite the striking breakthrough in the diagnosis and treatment of BC in the past 20 years, the 5-year survival rate of BC patients is still very dismal, mainly because of its heterogeneity and the fact that most patients are in the advanced clinical stage at the time of diagnosis [@bb0010], [@bb0015]. Therefore, an in-depth exploration of the pathogenesis of BC is strongly needed and will provide novel targets for the clinical diagnosis and treatment, thereby improving the prognosis of patients with BC.

With the completion of the Human Genome Project, scientists have surprisingly found that only about 2% of the genes in the human genome are capable of translating proteins, while the remaining 98% of genes are noncoding RNAs (ncRNAs) [@bb0020]. A large number of ncRNAs have long been considered as by-products of genomic transcription that have no definitive biological functions [@bb0025]. However, this is not the case. Recently, multiple lines of evidence showed that ncRNAs are widely involved in the regulation of various important life activities, including the occurrence and development of cancers [@bb0030]. As a member of ncRNA, circular RNA (circRNA) is mainly derived from gene exons (accounting for 80%) with a covalently closed loop structure [@bb0035]. CircRNA has different biological functions, of which the most studied is as a molecular sponge of microRNAs (miRNAs), namely, competitive endogenous RNA (ceRNA) mechanism [@bb0040]. The most prominent is CDR1as, which was identified to have more than 60 conserved binding sites of the ancient miR-7 [@bb0045], [@bb0050]. Subsequently, a wealth of studies suggests that circRNAs can act as a ceRNA to control tumorigenesis. For example, circ-BACH2 [@bb0055], circ-FNDC3B [@bb0060], circ-VANGL1 [@bb0065], circ-HIPK3 [@bb0070], circ-FAT1 [@bb0075], and circ-EIF3I [@bb0080] were proposed to participate in the development and progression of papillary thyroid carcinoma, gastric cancer, bladder cancer, colorectal cancer, osteosarcoma, and non--small cell lung cancer by sponging miR-139-5p, miR-515-5p, miR-605-3p, miR-7, miR-375, and miR-361-3p/miR-615-5p, respectively. However, the ceRNA role of circRNA in BC remains largely unclear.

In this study, we enrolled the Gene Expression Omnibus (GEO) database (GSE101124) and found a large number of dysregulated circRNAs in BC. Moreover, we identified that circ-UBE2D2 was significantly overexpressed in BC cell lines and tissues, and also characterized the clinical significance and potential molecular mechanism of circ-UBE2D2 in BC.

Material and Methods {#s0010}
====================

Clinical BC Samples Collection {#s0015}
------------------------------

In the present study, we enrolled 80 patients who were diagnosed with BC and underwent surgical resection in the first affiliated hospital of Zhengzhou University. Before collecting specimens, the written informed consents were obtained from all patients. None of them received preoperative radiotherapy or chemotherapy. A total of 80 pairs of BC and adjacent normal tissues were collected, which were immediately placed into liquid nitrogen to protect RNA from degradation. The detailed clinicopathological data of the patients were presented in [Table 1](#t0005){ref-type="table"}. All procedures in this study were approved by the ethics committee of the first affiliated hospital of Zhengzhou University.Table 1The Correlation between circ-UBE2D2 Expression and Clinicopathological Features in 80 Patients with Breast CancerTable 1ParametersAll Casescirc-UBE2D2 Expression*P* ValueLowHighAge (years) ≤4021912.446 \> 40593128Menopause Yes482226.361 No321814Tumor size ≤2 cm27189**.033** \>2 cm532231Lymph node metastasis No28208**.005** Yes522032Clinical TNM stage I-II453015**.001** III-IV351025Differentiation Well/moderate503020**.021** Poor301020

Cell Lines and Transfection {#s0020}
---------------------------

All human BC cell lines including MCF-7, T47D, BT-474, BT-20, and MDA-MB-231 and normal breast epithelial MCF-10A cells were obtained from Chinese Academy of Sciences (Shanghai, China) and maintained in RPMI1640 or DMEM complete medium with 10% fetal bovine serum as appropriate. To knock down and overexpress circ-UBE2D2, the designed si-RNAs targeting the junction sequence of circ-UBE2D2 (Gene-Pharma, Shanghai, China) and pCD-ciR vector (Geneseed, Guangzhou, China) were obtained and transfected into BT-474 and MDA-MB-231 cells using Lipofectamine 2000 (Invitrogen, MA), respectively. Besides, miR-1236 and miR-1287 inhibitors and mimics (Gene-Pharma) were purchased to silence and ectopically express miR-1236 and miR-1287, respectively.

Quantitative Reverse Transcription PCR (qRT-PCR) {#s0025}
------------------------------------------------

Total RNA in BC cell lines and tissues was isolated with Trizol reagent (Invitrogen), and its integrity and quantity were determined by agarose gel electrophoresis and NanoDrop1000 Spectrophotometer (NanoDrop, DE), respectively. Next, a total of 2 μg above RNA was transcribed into cDNA by using All-in-One First-Strand cDNA Synthesis Kit (GeneCopoeia, MD), followed by quantification by BlazeTaq SYBR Green qPCR mix 2.0 kit (GeneCopoeia) with 40 cycles. The expression levels of circRNAs/mRNAs and miRNAs were normalized to GAPDH and U6, respectively. All experiments were carried out in triplicate. The relative RNA expression was calculated using the 2^−△△Ct^ method. The primers used in this study were listed in [Table 2](#t0010){ref-type="table"}.Table 2The Primer Sequences for qRT-PCR AnalysisTable 2GeneDirectionSequence Circ-UBE2D2ForwardAATGGCAGCATTTGTCTTGAReverseGCCCCTGTGAGTAAGCTACG miR-1236ForwardCAGTGAGTGACAGGGGAAReverseCCAGTTTTTTTTTTTTTTTCCCCAT miR-1287ForwardGTGCTGGATCAGTGGTTCReverseGTCCAGTTTTTTTTTTTTTTTGACTC HOXB7ForwardCGTCCCTGCCTACAAATCATReverseGCAAACGCACAAGAAGTTTG MTA2ForwardTTTCACGCCATGGATACCTTReverseAGGGCCTCCTCAAATAGCAT ZEB1ForwardCACCAGATGCATTTTCACAAReverseGTGTAACTGCACAGGGAGCA KLF8ForwardGGTGTCCACGTCAACATCTGReverseCATGGGCAGAGACTGCACTA AFPForwardGCCTTTCTGGAAGAACTTTGCReverseCTGGAGTGGGCTTTTTGTGT p21ForwardGACACCACTGGAGGGTGACTReverseCAGGTCCACATGGTCTTCCT PIK3CBForwardACCCAATGTTCAACCTCCTTReverseCCCTGGGTCACAACTTCTTG ANGPT1ForwardGAGAACCTTCAAGGCTTGGTTReverseGACTGTGTCCATCAGCTCCA GAGE1ForwardGAACCAGCAACTCAACGTCAReverseTTCACCTCCTCTGGATTTGG CD105ForwardCATCCGTCTCCGAGTTCCTReverseACAGCAGGCTCACACAGTTG ATF6αForwardGGGAGTCACACAGCTCCCTAReverseTGAACCGACATTTCTCATGG EGFRForwardTTACGCTCCCTCAAGGAGATReverseTGCAGCTGTTTTCACCTCTG GAPDHForwardACCCAGAAGACTGTGGATGGReverseTTCAGCTCAGGGATGACCTT U6ForwardCTCGCTTCGGCAGCACAReverseAACGCTTCACGAATTTGCGT

Cell Proliferation Assay {#s0030}
------------------------

Cell viability was assessed by cell counting kit-8 (CCK-8) assay. Concretely, the transfected BT-474 and MDA-MB-231 cells were plated into 96-well plates and conventionally cultured for 24, 48, and 72 hours. Then, each well was treated with 10 μl of CCK-8 reagent (Dojindo, Kumamoto, Japan) for 3 hours at 37°C. The absorbance at 450 nm was recorded by a microplate spectrophotometer.

Cell Migration and Invasion Assays {#s0035}
----------------------------------

The Transwell chambers (Corning, NY) coated without and with Matrigel (Becton Dickinson, CA) were employed to test the migratory and invasive capacities of BC cells, respectively. Briefly, 100 μl of treated BT-474 and MDA-MB-231 cells was seeded into the chambers upon 24-well plates at a density of 2.5 × 10^5^ cells per well, along with 600 μl of the complete medium underneath the chambers. After 18 hours, the cells that did not migrate and invade into the lower surface of chambers were wiped off by a cotton swab, while the migrated and invaded cells on the lower surface were fixed with methanol for 5 minutes and stained with Giemsa for 10 minutes, and finally the number of stained cells in four random fields under a light microscope was counted.

Cell Apoptosis Assay {#s0040}
--------------------

The evaluation of cell apoptosis was conducted by Annexin V-PE/7-AAD kit (Becton Dickinson) based on manufacturer's manual. In brief, the transfected BT-474 and MDA-MB-231 cells were digested with trypsinase without EDTA and washed with PBS three times. Next, 500 μl of binding buffer was added to resuspend cells, followed by dark incubation with 5 μl of Annexin V-PE and 7-AAD solution on ice for 10 minutes. Lastly, the number of apoptotic cells was analyzed by flow cytometry (Becton Dickinson).

*In Vivo* Tumorigenicity Assay and Immunohistochemistry (IHC) {#s0045}
-------------------------------------------------------------

A total of 15 5-week-old male BALB/c nude mice were purchased from Chinese Academy of Sciences (Shanghai) and randomly divided into 3 groups with 5 mice in each group. Then, the nude mice were subcutaneously injected with 1 × 10^7^ MDA-MB-231 cells and routinely cultured until the tumors were visible (about 7 days), followed by intratumorally injection with cholesterol-conjugated oligonucleotides (si-NC, si-circ-UBE2D2\#1, and si-circ-UBE2D2\#2) 3 times a week for 2 weeks. Thirty-five days later, the subcutaneous tumors of each mice were obtained and weighed, followed by IHC staining for Ki-67 (\#ab209897, Abcam). The protocol of IHC staining was described previously [@bb0085].

Dual-Luciferase Reporter Assay {#s0050}
------------------------------

To determine the probability of the binding between circ-UBE2D2 and miR-1236/miR-1287, the full length of circ-UBE2D2 with wild-type (Luc-circ-UBE2D2-WT) or mutant (Luc-circ-UBE2D2-Mut) predicted miR-1236/miR-1287 binding sequence was synthesized and subcloned into pEZX-MT06 vector (GeneCopoeia) to perform luciferase reporter assay. BT-474 and MDA-MB-231 cells with 60%-70% confluency were treated with above luciferase reporter vector and miR-1236/miR-1287 or control mimics using Lipofectamine 2000 (Invitrogen) for 48 hours. The luciferase activity of each group was tested by Luc-Pair Duo-Luciferase Assay Kit 2.0 (GeneCopoeia) with GloMax 20/20 luminescence detector (Promega, WI).

Statistical Analysis {#s0055}
--------------------

The statistical data in our study were all analyzed by IBM SPSS 24.0 software and were displayed as mean ± standard deviation (SD) representing at least three effective independent repeated experiments. Differences between groups were tested by Student's *t* or one-way analysis as appropriate. Kaplan-Meier plot was utilized to assess the survival time of BC patients with circ-UBE2D2 low or high expression. **\****P* \< .05, **\*\****P* \< .01, **\*\*\****P* \< .001.

Results {#s0060}
=======

Circ-UBE2D2 in clinical samples {#s0065}
-------------------------------

To identify the aberrant circRNAs in BC, we enrolled and analyzed the GEO database (GSE101124) containing eight BC and three normal tissues. As shown in [Figure 1](#f0005){ref-type="fig"}*A*, circ-UBE2D2 displayed the largest differential expression change between BC and normal tissues. We then collected BC tissues and cell lines to confirm this finding; the qRT-PCR results showed that circ-UBE2D2 was remarkably overexpressed in BC cell lines as well as tissues when compared with the corresponding normal controls ([Figure 1](#f0005){ref-type="fig"}, *B* and *C*). Next, BC patients were divided into two groups with high and low circ-UBE2D2 expression according to the median expression value of circ-UBE2D2. We found that BC patients with high circ-UBE2D2 expression exhibited larger tumor size, lymph node metastasis, advanced clinical TNM stage, and poor differentiation than those with low circ-UBE2D2 expression ([Table 1](#t0005){ref-type="table"}). Moreover, shorter overall and disease-free survival times were observed in the high--circ-UBE2D2 expression group as compared with the low--circ-UBE2D2 expression group, as demonstrated by Kaplan-Meier plot ([Fig. 1](#f0005){ref-type="fig"}, *D* and *E*). Taken together, these results suggest that circ-UBE2D2 is highly expressed in BC and linked to poor prognosis.Fig. 1Circ-UBE2D2 is frequently increased in BC cell lines and tissues. (A) The hierarchical clustering map showing the top 10 upregulated and downregulated circRNAs in 8 BC and 3 normal tissues (GSE101124). (B, C) qRT-PCR analysis of the expression of circ-UBE2D2 in BC cell lines (B) and tissues (C). (D, E) The overall (D) and disease-free (E) survival curves of BC patients with low and high circ-UBE2D2 expression. **\*\*\****P* \< .001.Fig. 1

Knockdown of circ-UBE2D2 Suppresses BC Cell Proliferation, Migration, and Invasion *In Vitro* as well as Tumor Growth *In Vivo* {#s0070}
-------------------------------------------------------------------------------------------------------------------------------

We designed two siRNAs targeting circ-UBE2D2 (si-circ-UBE2D2\#1 and si-circ-UBE2D2\#2), and the qRT-PCR results revealed that both of them could effectively reduce the expression level of circ-UBE2D2 in BT-474 and MDA-MB-231 cells ([Figure 2](#f0010){ref-type="fig"}*A*). Then, we assessed the proliferative, migratory, and invasive capability of BC cells after circ-UBE2D2 silencing. The CCK-8 results showed that circ-UBE2D2-knockdown BT-474 and MDA-MB-231 cells displayed slower proliferation rate compared to control cells ([Figure 2](#f0010){ref-type="fig"}*B*). Similarly, depletion of circ-UBE2D2 attenuated the ability of BT-474 and MDA-MB-231 cells to migrate and invade ([Figure 2](#f0010){ref-type="fig"}*C*). In addition, the number of apoptotic cells increased after circ-UBE2D2 knockdown ([Figure 2](#f0010){ref-type="fig"}*D*).Fig. 2Depletion of circ-UBE2D2 significantly inhibits the aggressive phenotype of BC cells *in vitro* and delays tumor growth *in vivo*. (A) qRT-PCR analysis of circ-UBE2D2 expression in BT-474 and MDA-MB-231 cells transfected with si-NC, si-circ-UBE2D2\#1, and si-circ-UBE2D2\#2. (B-D) CCK-8 (B), Transwell migration/invasion (C), and flow cytometric apoptotic (D) assays in BT-474 and MDA-MB-231 cells after circ-UBE2D2 knockdown. (E) The volume and weight of subcutaneous tumors in nude mice in the indicated groups (si-NC, si-circ-UBE2D2\#1, and si-circ-UBE2D2\#2). (F) IHC staining with Ki-67 antibody in subcutaneous tumors in nude mice in the indicated groups (si-NC, si-circ-UBE2D2\#1, and si-circ-UBE2D2\#2). NC = negative control. **\****P* \< .05, **\*\****P* \< .01, **\*\*\****P* \< .001.Fig. 2

To explore whether circ-UBE2D2 also functioned *in vivo*, we established the xenograft tumor model and intratumorally injected cholesterol-conjugated si-circ-UBE2D2 and control oligonucleotides. As expected, smaller tumor volume and weight were observed in the two circ-UBE2D2-knockdown groups than those in the control group ([Figure 2](#f0010){ref-type="fig"}*E*). Besides, this result was also confirmed by IHC staining for Ki-67 proliferation index ([Figure 2](#f0010){ref-type="fig"}*F*).

Overall, these *in vitro* and *in vivo* findings indicate that circ-UBE2D2 is an oncogene in BC and targeting it may effectively retard BC aggressive progression.

Circ-UBE2D2 Functions as a Sponge of miR-1236 and miR-1287 {#s0075}
----------------------------------------------------------

Numerous studies have shown that circRNA is able to sponge miRNAs to inhibit its activity. To identify the circ-UBE2D2-binding miRNAs, we analyzed the online CIRCinteractome database (<https://circinteractome.nia.nih.gov>) and found that there are two predicted binding sequences of miR-370, miR-1236 and miR-1287 on circ-UBE2D2, respectively. We then manipulated circ-UBE2D2 expression to test whether it could alter the expression levels of these three miRNAs in BT-474 and MDA-MB-231 cells. The qRT-PCR results showed that circ-UBE2D2 silencing and overexpression, respectively, increased and decreased the expression of miR-1236 and miR-1287, but not miR-370 ([Figure 3](#f0015){ref-type="fig"}, *A* and *B*). Furthermore, the luciferase reporter assay was carried out to evaluate the interaction between circ-UBE2D2 and miR-1236/miR-1287. As shown in [Figure 3](#f0015){ref-type="fig"}, *C* and *D*, overexpression of miR-1236 or miR-1287 significantly inhibited the luciferase activity of wild-type circ-UBE2D2 vector but did not affect that of mutant one in BT-474 and MDA-MB-231 cells. In addition, we also examined the expression levels of downstream target genes of miR-1236 or miR-1287. The qRT-PCR and Western blot results displayed that ectopic expression of circ-UBE2D2 notably upregulated the expression of HOXB7, MTA2, ZEB1, KLF8, and AFP, whereas it downregulated p21 expression; these genes were all targeted by miR-1236 according to previous studies, and miR-1236 overexpression could evidently block the above effect caused by circ-UBE2D2 ([Figure 3](#f0015){ref-type="fig"}*E*, Supplementary Figure 1). Likewise, the miR-1287 target genes' expression levels including PIK3CB, ANGPT1, GAGE1, CD105, ATF6α, and EGFR were all uniformly increased after circ-UBE2D2 overexpression, and this increase was significantly abolished by miR-1287 overexpression in BT-474 and MDA-MB-231 cells ([Figure 3](#f0015){ref-type="fig"}*F*, Supplementary Figure 1). Collectively, these results demonstrate that circ-UBE2D2 harbors miR-1236/miR-1287 binding capacity in BC cells.Fig. 3Circ-UBE2D2 functions as a sponge of miR-1236 and miR-1287. (A, B) qRT-PCR analysis of the expression of miR-370, miR-1236, and miR-1287 in circ-UBE2D2-knockdown (A)/overexpressing (B) BT-474 and MDA-MB-231 cells. (C, D) The luciferase activity of BT-474 and MDA-MB-231 cells cotransfected with wild-type or mutant circ-UBE2D2 luciferase vector and control or miR-1236 (C)/miR-1287 (D) mimics. (E, F) qRT-PCR analysis of the expression of reported miR-1236 (E)/miR-1287 (F) target genes in circ-UBE2D2--overexpressing BT-474 and MDA-MB-231 cells transfected with or without miR-1236/miR-1287. NC = negative control. **\****P* \< .05, **\*\****P* \< .01.Fig. 3

Manipulating the Expression of miR-1236 or miR-1287 Effectively Reverses circ-UBE2D2--Induced Effects {#s0080}
-----------------------------------------------------------------------------------------------------

Next, functional experiments were conducted to assess whether miR-1236 and miR-1287 mediated the tumor-promoting effect of circ-UBE2D2 in BC. The results showed that enforced expression of circ-UBE2D2 markedly promoted the proliferation, migration, and invasion of BT-474 and MDA-MB-231 cells and inhibited cell apoptosis ([Figure 4](#f0020){ref-type="fig"}, *A*, *C*, and *E*); however, these effects were counteracted by miR-1236 or miR-1287 overexpression ([Figure 4](#f0020){ref-type="fig"}, *A*, *C*, and *E*). Similarly, the tumor-inhibiting effect caused by circ-UBE2D2 silencing could be significantly abrogated by miR-1236 or miR-1287 knockdown ([Figure 4](#f0020){ref-type="fig"}, *B*, *D*, and *E*). Altogether, these data suggest that circ-UBE2D2 exerts the carcinogenic role, at least partially, through miR-1236 and miR-1287 in BC.Fig. 4miR-1236 or miR-1287 reverses the effects induced by circ-UBE2D2 in BC cells. (A, B) CCK-8 assay in circ-UBE2D2--overexpressing (A)/knockdown (B) BT-474 and MDA-MB-231 cells transfected with miR-1236/miR-1287 mimics (A) or inhibitors (B). (C, D) Transwell migration/invasion assay in circ-UBE2D2--overexpressing (C)/knockdown (D) BT-474 and MDA-MB-231 cells transfected with miR-1236/miR-1287 mimics (C) or inhibitors (D). (E) Cell apoptosis assay with flow cytometry in circ-UBE2D2--overexpressing/knockdown BT-474 and MDA-MB-231 cells transfected with miR-1236/miR-1287 mimics or inhibitors. (F) The schematic diagram of circ-UBE2D2 as a molecular sponge of miR-1236 and miR-1287 to accelerate the progression of BC.Fig. 4

Discussion {#s0085}
==========

CircRNA, as a special class of noncoding RNA, is emerging as a key regulator in cancer progression. In the current study, by analyzing the GEO database (GSE101124), we found a novel circRNA circ-UBE2D2 that was significantly upregulated in eight BC tissues as compared with three normal tissues, which was further validated by qRT-PCR in the collected 80 pairs of BC and paracancerous tissues. Moreover, the upregulation of circ-UBE2D2 was closely associated with advanced clinicopathological features and poor prognosis. The functional experiments showed that manipulation of circ-UBE2D2 expression affected the biological phenotypes of BC cells, including proliferation, apoptosis, migration and invasion. Further mechanism studies indicated that circ-UBE2D2 exerted the tumor-promoting effect mainly through acting as a ceRNA *via* competitively binding with miR-1236 and miR-1287 ([Figure 4](#f0020){ref-type="fig"}*F*). Therefore, our findings highlight the biological relevance of circRNA in BC, and the crucial oncogenic role of circ-UBE2D2 suggests its potential as a molecular targeted therapy for patients with BC.

Recent studies show that circRNAs are abundant in eukaryotes and dysregulated in many human diseases, including cancer [@bb0090]. And some dysregulated circRNAs have been reported to engage BC tumorigenesis by functioning as tumor suppressors or oncogenes. For example, circ-TADA2As [@bb0095], circ-ASS1 [@bb0100], circ-LIFR [@bb0105], and circ-ITCH [@bb0110] were proposed to be dramatically decreased in BC tissues and cell lines and restrained the proliferation and metastasis of BC by acting as tumor suppressors. On the contrary, circ-EPSTI1 [@bb0115], circ-AGFG1 [@bb0120], circ-BARD1 [@bb0125], circ-UBAP2 [@bb0130], and circ-ANKS1B [@bb0135] were shown to be highly expressed in BC and contributed to BC aggressive progression by serving as oncogenes. These above studies reveal that circRNAs are the pivotal regulators of BC. Herein, by data mining of GSE101124 database, we also found a large number of aberrantly expressed circRNAs in BC and further characterized the important role of circ-UBE2D2 in promoting BC progression. Whether other dysregulated circRNAs in our study, such as circ-FRAS1, circ-ANKRD17, and circ-DZIP1, are also involved in the carcinogenic process of BC and whether there is some cross talk between these reported dysregulated BC-related circRNAs are worth further investigation.

Accumulating evidence demonstrates that circRNAs harbor different biological functions, including interaction with proteins, regulation of host gene expression, adsorption of miRNAs, and translation of proteins, etc. [@bb0140]. Among them, the most studied is the ceRNA mechanism, that is, circRNAs act as a sponge of miRNAs to attenuate the inhibitory effect of miRNAs on their target genes [@bb0145]. Likewise, in this study, we identified that miR-1236 and miR-1287 were the direct targets of circ-UBE2D2, and circ-UBE2D2 could alter the expression of miR-1236/miR-1287 downstream target genes by abundantly sponging miR-1236 and miR-1287 in BC. miR-1236 and miR-1287 were both proved as the tumor suppressors by targeting the different genes in various cancers. Concretely, miR-1236 could directly interact with the 3′-untranslated region of oncogenes such as HOXB7, MTA2, ZEB1, KLF8, and AFP to inhibit their expression [@bb0150], [@bb0155], [@bb0160]. In addition, miR-1236 could also bind to the promoter of the tumor suppressor p21 to elevate its expression [@bb0165]. And the oncogenes including PIK3CB, ANGPT1, GAGE1, CD105, ATF6α, and EGFR were identified as the targets of miR-1287 [@bb0170], [@bb0175], [@bb0180], [@bb0185]. Consistently, we found that circ-UBE2D2 respectively upregulated and downregulated the expression of above-mentioned oncogenes and tumor suppressors by reducing the activity of miR-1236 and miR-1287, and the tumor-promoting effects caused by circ-UBE2D2 were abolished by miR-1236 and miR-1287, implying that miR-1236 and miR-1287 are the key mediators of circ-UBE2D2 in BC. Further research is needed to explore the role of this circ-UBE2D2/miR-1236/ miR-1287 axis in other malignancies.

It is noteworthy that siRNA-based therapeutic approaches have achieved tremendous success in the treatment of cancer patients [@bb0190]. Here, we found that RNA delivery of cholesterol-conjugated si-circ-UBE2D2 oligonucleotides could significantly suppress tumor growth *in vivo*, suggesting that patients with BC may also benefit from treatments that target circ-UBE2D2. Future studies are required to overcome the challenges such as off-target effect, specificity, and uptake rate before it being applied to the clinical treatment [@bb0190].

In summary, our data convincingly indicate that circ-UBE2D2 functions as an oncogene by sponging and inhibiting the tumor suppressor miR-1236 and miR-1287 in BC, meanwhile providing a promising prognostic biomarker and druggable target for BC patients.
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